Abstract. Background: The sensitivity of Requirements Engineering (RE) to the context makes it difficult to efficiently control problems therein, thus, hampering an effective risk management devoted to allow for early corrective or even preventive measures. Problem: There is still little empirical knowledge about context-specific RE phenomena which would be necessary for an effective contextsensitive risk management in RE. Goal: We propose and validate an evidence-based approach to assess risks in RE using cross-company data about problems, causes and effects. Research Method: We use survey data from 228 companies and build a probabilistic network that supports the forecast of context-specific RE phenomena. We implement this approach using spreadsheets to support a light-weight risk assessment. Results: Our results from an initial validation in 6 companies strengthen our confidence that the approach increases the awareness for individual risk factors in RE, and the feedback further allows for disseminating our approach into practice.
Introduction
Requirements Engineering (RE) has received much attention in research and practice due to its importance to software project success. Precise and consistent requirements directly contribute to appropriateness and cost-effectiveness in the development of a system [1] whereby RE is a critical determinant of productivity and software (process) quality [2] . Yet, RE remains an inherently complex discipline due to the various individual socio-economic and process-related influences in the industrial environments. In contrast to many other disciplines, RE is largely characterised by the particularities of the application domain, and it is largely driven by uncertainty and also by human factors. All this influences the way of working in individual contexts including the choice of methods, approaches, and tools in RE. In fact, what might work very well in one project setting might be completely alien to the needs and the culture of the next [3] . The lack of possibilities to standardise the discipline with universal solutions renders it consequently difficult to efficiently control and optimise the quality of RE as an appropriate means to an end.
In consequence, the individual particularities of the contexts hamper an effective risk management devoted to allow for early corrective or even preventive measures. Hence, it is not surprising that despite the importance of excellence in RE, we can still observe various problems in industrial environments rooted all in insufficient RE [4, 5] . Requirements Engineering risk factors which might be typical for one project setting, might not be valid for others; for instance, while one project might be characterised by frequent changes in the requirements, the requirements in another project might be stable. Another factor to be considered is the currently weak state of empirical evidence in RE [4, 5] . The lack of proper empirical figures that would demonstrate what phenomena occur in practical settings, what problems practitioners face, and what success factors we can infer for the various contexts makes it impossible for available risk management approaches to consider context-sensitive risk factors and related corrective and even preventive measures for RE.
To efficiently consider the particularities of RE in risk management approaches, we postulate that we first need knowledge about the current state of practice in industrial environments and problems faced therein. Motivated by this situation, we initiated the Naming the Pain in Requirements Engineering (NaPiRE) initiative (see Sect. 2). NaPiRE constitutes a globally distributed family of bi-yearly replicated surveys on the industrial status quo and problems in RE. This allows to steer research in RE in a problem-driven manner and the establishment of proper solutions based on a better understanding of the needs of the various industrial contexts.
In this paper, we contribute the first steps towards a holistic evidence-based RE risk management approach that explicitly takes into account the particularities in RE as described above. We concentrate on assessing risk factors in RE. In particular, we use the cross-company data from NaPiRE to build a holistic model of context-sensitive problems, causes, and effects. We use this knowledge to implement a probabilistic network that allows to calculate the posterior probability of certain risk factors based on knowledge about the current situation. We use this to propose a first evidence-based RE risk assessment approach which we validate in 6 companies. We conclude by outlining current work on integrating guidelines to mitigate and correct problems in RE to make the consequential next step from a RE risk assessment approach to a holistic, evidence-based RE risk management approach.
Our contribution and the feedback by the practitioners supports us and other researchers already in proposing further solutions to requirements engineering that need to rely on cross-company data. Further, our proposed risk assessment approach already allows practitioners to reflect on their current situation by increasing their awareness for potential problems in RE.
The remainder of this paper is organised as follows: In Sect. 2 we introduce the background and related work. In Sect. 3, we elaborate on the research design. In Sect. 4, we describe our overall risk assessment approach and in Sect. 5, we report on a validation conducted in 6 companies, before concluding our paper in Sect. 6.
Background and Related Work
Software risk management constitutes means to efficiently assess and control risk factors affecting the overall software development activities [6] (planned ones and deviations) and is often associated with "project management for adults" as baptised by deMarco et al [7] . The importance of risk management for software engineering in general and requirements engineering in particular has been addressed in several risk management approaches tailored to software engineering processes [8] . Already the spiral model of Boehm [9] explicitly includes risk management within software development. The Riskit method [10] provides a sound theoretical foundation of risk management with a focus on the qualitative understanding of risks before their possible quantification. Karolak [11] proposes a risk management process for software engineering that contains the activities risk identification, risk strategy, risk assessment, risk mitigation, and risk prediction. With ISO 31000 [12] , which was released in 2009, there is even a family of standards for risk management available that can also be instantiated in software engineering and its subareas like testing, where ISO 31000 has already been applied in the context of risk-based testing [13] , or requirements engineering.
A recent study on industrial development practices [14] shows that practitioners see the need to explicitly include traditional risk management approaches into RE that tends to be done rather agile. This further strengthens our confidence in the need to tailor risk management approaches to the particularities of RE actively taking into account the volatility therein (as discussed in our introduction).
In fact, most work on risk management in the context of requirements engineering focuses on identifying risks in a bottom-up approach and analysing risks during the requirements engineering process. For instance, Asnar et al. [15] provide a goal-driven approach for risk assessment in requirements engineering, and Haisjackl et al. [16] provide an estimation approach and respective tool support [16] . For risk management within requirements engineering itself, Lawrence et al. [17] provide a list of top risks in requirements engineering, which includes overlooking a crucial requirement, inadequate customer representation, modelling only functional requirements, not inspecting requirements, attempting to perfect requirements before beginning construction as well as representing requirements in the form of designs. However, evidence-based approaches to risk management in requirements engineering as proposed in this paper are so far not available. For such an approach, we need a proper empirical basis on requirements engineering which has been recently established by the NaPiRE (Naming the Pain in Requirements Engineering) initiative.
The NaPiRE initiative was started in 2012 in response to the lack of proper empirical figures in RE research. The idea was to establish a broad survey investigating the status quo of RE in practices together with contemporary problems practitioners encounter. This should lead to the identification of interesting further research areas as well as success factors for RE. We created NaPiRE as a means to collaborate with researchers from all over the world to conduct the survey in different countries. This allows us to investigate RE in various cultural environments and increase the overall sample size. Furthermore, we decided to run the survey every two years so that we can cover slightly different areas over time and have the possibility to observe trends. NaPiRE aims to be open, transparent and anonymous while yielding accurate and valid results.
At present, the NaPiRE initiative has over 50 members from more than 20 countries mostly from Europe, North-America, South-America, and Asia. There have been two runs of the survey so far. The first was the test run performed only in Germany and in the Netherlands in 2012/13. The second run was performed in 10 countries in 2014/15. All up-to-date information on NaPiRE together with links to instruments used, the data, and all publications is available on the web site http://www.re-survey.org. The first run in Germany together with the overall study design was published in [4] . It already covered the spectrum of status quo and problems. Overall, we were able to get full responses from 58 companies to test a proposed theory on the status quo in RE. We also made a detailed qualitative analysis of the experienced problems and how they manifest themselves. For the second run, we have published several papers [18, 19, 20, 21] concentrating on specific aspects and the data from only one or two countries and one paper [5] focusing on RE problems, causes and effects based on the complete data set covering data reported by 228 companies. An analysis of the data with a focus on risk management and evidence-based risk management in RE has not been published so far.
Research Design
Our overall goal is to provide first steps towards a holistic evidence-based RE risk management approach that allows to steer a context-sensitive risk management based on empirical cross-company data and, thus, bridges shortcomings of currently available approaches. Our research, therefore, needs to rely on data reflecting practical problems in RE that are typical for certain context factors. The scope of validity (and relevance) of the proposed solution consequently depends on the practical contexts from which the data was obtained and where we applied our approach.
Our research design is therefore strongly inspired by the (design science) engineering cycle as exemplary described by Wieringa et al. in [22] . That is, we follow a cyclic development approach which is initially based on idealised assumptions, solution design, and validation as well as evaluation in practice, before revising our assumptions. With each iteration, we can make more realistic assumptions and scale our solution proposal and its effects up to practice. However, in contrast to classical design science research aimed at practical problem solving, where we develop individual solutions to practical problems, our aim is not to solely understand the effects of such solution proposals. Instead, our aim is also to better understand the particularities of contexts and phenomena involved and to actively incorporate them in our solution. That is, we begin with understanding which problems practitioners experience in certain contexts, develop our evidence-based RE Risk Assessment approach and -by transfer into practice -we can use the observations to make our context assumptions more reliable and precise for the next iteration.
The resulting methodological approach reflects the basic notion of knowledge transfer. Our model is therefore structured in analogy to the technology transfer model as described by Gorschek et al. [23] and sketched in Fig. 1 Fig. 1 . Overall research design. The last step including a field study as part of a large-scale evaluation is in scope of current activities and out of scope of this paper.
Starting with a problem analysis based on cross-company data emerging from the NaPiRE initiative, we develop a first solution proposal, which we transfer into a prototypical tool implementation. We use this prototype for a first validation with industry participants as a preparation for a large-scale evaluation. At the end of the iteration, we use the observations from the large-scale evaluation to increase our empirical data set with additional context factors before entering the next development iteration.
In this paper, we report on the first iteration where we develop and validate our initial approach to evidence-based RE Risk Assessment and outline the next steps of a continuous evaluation and refinement towards a holistic Risk Management approach which is in scope of current work.
In the following, we introduce the single steps to the extent necessary in context of our contribution at hands.
Problem Analysis
Our data for the initial problem analysis is largely based on the last replication of the NaPiRE initiative (see Sect. 2), including cross-company data from 228 companies located in 10 countries. There, we investigated the status quo on the practices applied in requirements engineering as well as problems, causes, and effects as experienced and reported by practitioners from various domains. Table 1 exemplarily illustrates the most frequently cited top 10 problems as reported by the respondents starting with an accumulation of the problems and the summary of the single (top 5) ranks of the problems. We can see, for instance, that incomplete requirements dominate the list of top 10 problems in RE directly followed by communication flaws between the project team and the customer. To elaborate on risk factors and how they propagate in a project ecosystem, we need, however, knowledge going beyond single problems.
From Problems to Cause-Effect Chains. For each of the problems reported, we further analyse the data on the causes and the effects to increase our understanding about the criticality of the problems and their root causes. The latter is important to understand possibilities for corrective or even preventive measures. For instance, the main causes for communication flaws between the project team and the customer are of organisational nature, including causes such as language barriers, missing engagement by the customer, or missing direct communication with the customer. Effects of the problem include, inter alia, a poorer product quality by incorrect or missing features. A richer introduction into the problems, causes, and effects in RE can be taken from our previously published material [5] . Figure 2 illustrates the full-scale model of the causes and the effects of the problems as distilled from the NaPiRE data set. Visualising the full-scale model serves two purposes: It shall demonstrate that (1) the model includes complex cross-dependencies and single phenomena can lead to several problems, and that (2) despite the complexity of the model, it already supports a basic understanding of the phenomena involved in software development projects and how they propagate through the different phases. Yet, such a model still does not help understanding context-sensitive conditional dependencies which renders it nearly useless for operationalisation as a risk assessment approach. That is, for an effec- Fig. 2 . Full-scale cause-effect visualisation of the RE problems, causes and effects. Not intended to be read in detail (but we cordially invite the reader to zoom in).
tive evidence-based RE risk assessment, we need data that allows us to infer, at least with a certain level of confidence, those effects certain problems have based on a selection of specific context-specific conditions that characterise a project situation at any point in time.
From Cause-Effect Chains to Conditional Probabilistic Distributions. Finally, to lay the foundation for an evidence-based risk assessment which includes operationalisable conditional dependencies, we analyse the data by making use of Bayesian networks. We already made positive experiences in using Bayesian networks in defect causal analyses [24] . Here, we use Netica 1 to implement the cause-effect information in dependency to context factors such as company size, team distribution or software process model used (agile or plan-driven). Such an implementation allows us to quantify the conditional probabilistic distributions of all phenomena involved. More precisely, it allows us to, based on the NaPiRE data used as learning set, use the Bayesian network inferences to obtain the posterior probabilities of certain phenomena to occur when specific causes are known. Figure 3 shows such an exemplary inference for the consequences and their probabilities of the phenomena missing direct communication to the customer (highlighted in grey). We use this analytically curated data as a basis for the proposal of our evidence-based risk assessment approach.
Solution Concept and Prototypical Implementation
Once understanding the data and its potential, we elaborate the design of our initial evidence-based RE Risk Assessment approach. This approach shall, in a first step, serve the purpose of providing means to assess risk factors in a lightweight manner based on knowledge about a current project situation -while still offering anchor points for extensions to a holistic risk management approach.
To this end, we conceptualise the elements and constructs necessary for RE risk management via a meta model. This meta model captures the elements necessary for a holistic risk management in RE. Figure 4 visualises a simplified resulting model, while highlighting those elements in scope of the initial approach for a risk assessment, i.e. the approach used for our first iteration presented in this paper. In centre of our attention are events. Events are phenomena that materialise in a measurable manner as well as their causes and effects. Those events either impact tasks carried out in a project or artefacts created / modified in the course of such tasks and can occur with various impacts at a certain probability (i.e. risks). Of further interest are the context factors used to characterise the development project, such as team characteristics or company characteristics. Please note that the meta model is intentionally incomplete and simplified and shall serve the sole purpose of highlighting those elements in scope of risk assessment.
Out of scope, yet necessary for a holistic risk management are the implementation of measures used to, e.g., avoid certain risks.
To apply our approach in practical settings, we implement it via a lightweight prototype. To this end, we rely on spreadsheets realised via MS Excel for the presentation and reporting of risk factors and interactive calculation of the probabilities to encounter those factors based on a current situation (as learnt based on the data analysis described above). We further implement a graphical visualisation of all RE phenomena to increase the awareness of a current project situation using NodeXL. Details on the outcome can be taken from Sect. 4 where we introduce the resulting approach.
Validation
While the prototypical implementation already serves as an initial proof of concept, we want to better understand the suitability of the approach to practical contexts. This helps us preparing for the large-scale evaluation depicted at the upper part of Fig. 1 . To this end, we conduct structured interviews with practitioners in face to face meetings using their answers to potentially revise the proposed (candidate) approach for a broader evaluation. In those interviews, we use the instrument summarised in Tab. 2 and developed from scratch in a curiosity-driven manner. Further details on the validation can be taken from Sect. 5.
Large-scale Evaluation and Next Steps
Once we understand the practitioners' perceptions of our light-weight approach allowing for last modifications of our risk assessment approach, we can scale up to practice by applying it in a longitudinal field study. Based on the outcome of the large-scale evaluation, we intend to gather knowledge about further barriers and limitations in context of risk management in RE. Further, such an evaluation will allow us to further scaling up by integrating proper measures for mitigating potential risks, thus, it allows us for a problem-driven (methodological) transition from risk assessment to risk management. These last steps are in scope of current activities at the time of writing this paper.
Validity Procedures
It is noteworthy that the proposed approach relies on some assumptions on the NaPiRE data, which could represent threats to validity. The most important one concerns the accuracy of the coding process used to analyse the answers to the open questions RE problems, causes, and effects (used as a basis for the described risk assessment quantification). Coding is essentially a creative task with subjective facets of coders like experience, expertise and expectations. This threat was minimised by peer-reviewing the coding process. Concerning the NaPiRE survey itself, it was built on the basis of a theory induced from available studies and went through several validation cycles and pilot trials. Further details on the research methods employed can be taken from our previous publication [5] This section presents the synthesised evidence-based risk management approach. Section 4.1 introduces into the overall approach from a conceptual level, and Sect. 4.2 presents the prototypical implementation.
Overall Approach to evidence-based RE Risk Assessment
The risk assessment is integrated with an overall project-based risk management. Figure 5 provides the approach's concept. Right in a Project, we integrate the RE risk assessment with the overall project's risk management and expect a continuous implementation, i.e. we assume that a company implements its own risk management as a continuous task performed throughout the whole project. Key to the approach presented is the data used for the (initial) risk assessment ( Fig. 5; left) . The required data can either taken from an external data pool, in our case NaPiRE data (see Sect. 3), or from historical company data. Eventually, the company has to decide whether or not grounding the risk assessment in internal or external data. Using internal data brings in the opportunity to learn from past projects, i.e. to improve the company-specific risk management approach based on lessons learnt. Using external data instead, however, provides advantages, too. We postulate that by using cross-company data, risks that might have not materialised so far in own project settings can be captured based on third-party experience. Once the data source(s) has been selected, data needs to be prepared in order to carry out the risk assessment. Specifically, cause-effect models need to be developed (e.g., using Netica; Fig. 3 ) to provide processable input for the analysis tool (Sect. 4.2). In a project, five tasks are carried out:
1. In a state-of-the-art analysis, the current project status is evaluated, possible risks, and already materialising risks are analysed-usually by looking for phenomena that "announce" an upcoming problem. 2. In the assessment, based on the input data, the phenomena and associated risk (cause and effects) are calculated and the impact is estimated. 3. In the interpretation, the risks are analysed and prioritised based on the computed probabilities and expected impact (e.g., using a risk classification matrix as used in PRINCE2 or a self-defined criticality index; see Sect. 4.2). 4. Based on the prioritisation, defined actions to adequately respond to the risks identified are initiated. 5. Eventually, the analysis results and the actions initiated are reported. Reporting is used to complete the cycle and prepare the next assessment iteration, i.e. updated reporting data complement the general data basis. Also, reporting helps to evolve the general data basis, such that further projects can benefit from the reported findings.
Prototypical Implementation
The overall approach was developed using a variety of tools. Besides the tools used for the analysis, i.e. the modelling of the dependency networks and the probability graphs (Fig. 3, Netica) , a prototypical support tool was realised using Microsoft Excel. The tool is applied to a given project setup in two steps. Figure 6 shows the first step-the configuration. In the configuration, the user is asked to characterise the project of interest in terms of the context factors company size, distributed work, and use of agile software development. The second part of the configuration aims at selecting all phenomena (see Sect. 3.1) of interest. Based on the selection, in the second step, the tool generates a report (Fig. 7 ) that comprises two parts: first, a risk assessment report is generated, which includes the risks and the known context-related causes associated with the phenomena chosen. The assessment report further present the criticality index and an estimate visualising the likelihood of a risk materialising in the current context. In the prototypical implementation, we use a custom criticality index, which is calculated as follows:
The index is calculated with the sum of the weighted phenomena c i , the sum of the weighted phenomena c iTRUE that apply in the current context, the size n of the data set used and the subset n j used for the phenomena that apply, the frequency of an identified problem in the whole data set p i , and the frequency of a problem p ij in the subset under consideration. The second part of the report visualises the the cause-effect graph in which the selected phenomena are highlighted and embedded in the overall network. This allows for inspecting the phenomena and finding orientation in the complex model. 
Validation
Our overall objective in our validation is to better understand the current practitioners' views and acceptance of our solution proposal and get first feedback on potential barriers and limitations they see in the presented approach and the proposed tool. This shall help us in preparing for the large-scale evaluation in practice and the dissemination of our solution proposal. To this end, we conduct interviews with 6 practitioners from different companies and formulate the research questions listed in Tab. 3. After exploring what the state of practice in risk assessment is in the respective project environments, we are first interested in the general perception of the benefits and drawbacks in the presented approach. To actively prepare for the evaluation and give us the chance for last improvements, we further want to know barriers practitioner see in using our approach, whether they can imagine using the tool, and what changes would be necessary for using our solution proposal. As a preparation for the questions on the tool (RQ 4 and RQ 5), we simulated a given scenario to show the respondents the functionality of the tool in a live demo. The detailed instrument used for the interviews is shown in Sect. 3.3.
Please note that for reasons of confidentiality, but also because the answers were all recorded in German, we have to refrain from disclosing the raw data. In the following, we briefly introduce into the demographics before addressing each of the presented research questions.
Demographics
Our six respondents represent companies which differ in the sector and constraints attached, thus, covering a broader demographical spectrum. All six respondents are situated in Germany and their contextual information are summarised in Tab. 4. Table 4 . Respondents overview (anonymised).
ID
In the following, we introduce the interview results. Where reasonable and possible, we provide original statements. Please note, however, that these statements are translated from Germany and in parts slightly paraphrased for the sake of understandability.
RQ 1: State of Practice in RE Risk Assessment
The state of practice in RE risk assessment is as diverse as the respondents' environments. Some have already defined a risk management approach, others are currently establishing one. The most mature risk assessment approach we encountered was by respondent 3 who reports that at the beginning of each project, a cost estimation is conducted that includes the assessment of the relative risk of the project by means of a predefined checklist.
As for the characteristics valued most important in context of risk assessment (Q 8), following statement seems most representative for the respondents: "Probability of the risks and the potential monetary impact (including damages to the reputation)"
When asked if their current risk assessment approach also addresses risks in RE (Q 7), only 2 respondents stated that requirements-related aspects were considered.
As for the importance to address RE risks in Risk Management (Q 8), the respondents had overall an agreement attitude: "[...] the sooner [risk management] starts, the better" as it enables to identify problems at the beginning.
On a scale from one to five, the respondents from two companies rate it with the highest importance, three with four and only one makes the rating dependent from the contract type. In case of a fixed price contract, he rates it with 4-5; for time and material contracts, he rates the importance with 1-2 only.
RQ 2: Benefits and Drawbacks of the Approach
When asked on the benefits and drawbacks of the presented approach, the answers provided a rich and diverse picture. 3 of 6 respondents clearly stated that the presented approach would be more precise for RE than available approaches (Q 10) while only 1 stated it would be not. Further, 4 of 6 respondents stated it would make sense to assess risks based on the empirically grounded RE phenomena (Q 11a), while, again, only 1 did not agree. When asked for their rationale (Q 11b), most respondents stated that such an evidence-based view would increase the awareness for risks in RE. A further positive aspect highlighted was that the approach would rely on previously made experiences in same or similar environments:
"Embarrassing to repeat the same mistakes."
Challenges associated with the approach included:
"It makes sense, but it seems difficult to realise in our company" as well as "Projects are not very comparable and, thus, we would need larger amounts of data. Sizing the clusters [sets of context factors] is challenging."
When asked directly for the benefits of the approach (Q 12), our respondents stated that it would offer an experience-based continuous learning including risks one might not be fully aware of, and it would offer the possibility to compare different project situations based on common risk factors. This would improve the situation for project leads by gaining more control.
When asked for what they disliked (Q 13), respondents stated, in one form or the other, that transparency on risk factors experienced by other projects with similar characteristics might lead to more insecurity of the project team:
"Too much data may lead to confusion."
Our respondents further stated that the maintainability of such an approach would constitute another challenge:
"Keeping the data up-to-date is an elaborate task [as we need to] ensure high data quality."
RQ 3: Barriers for using the Approach
As the main barriers for using the presented approach (Q 14), our respondents stated, in tune with the previous statement, the need to maintain large amounts of data. A further statement included that a strong focus on risks related to RE might lead to pessimism. A further perceived barrier affected the fear for projects giving up their individual characteristics when being compared with other projects:
"Single projects would have the impression their individual characteristics would be neglected."
When asked what we could do to improve the approach (Q 15), we encountered mainly two aspects: Inclusion of time as a dimension into the phenomena that would allow to calculate the time until risks may manifests as real events, and a better visualisation for especially large amounts of data.
RQ 4: Usability of the Tool
As for the usability of the tool presented via a live demo, we asked our respondents the questions from Tab. 2 and visualise the results in Fig. 8 . While the focus of our validation was on qualitative feedback, it is still noteworthy that the prototypical implementation yielded overall a reasonably good acceptance while acknowledging that-although the tool offers a light-weight mechanism to assess the risks-it still requires effort for the data maintenance and curation (reflected in a mixed rating in the performance and productivity).
RQ 5: Necessary Changes
When asked for the necessary changes we would need to apply to the whole approach and to the corresponding prototypical tool (Q 26), two major aspects were prominent: "Support in the data collection and [possibilities to better] compare company data with the data of other companies" as well as "Improved reliability of the data".
Those statements are, in fact, in tune with our expectations from the current stage of development were we could only use the context factors known from the baseline data in NaPiRE. Overall, our respondents concluded along that line, which can be summarised by this exemplary statement:
"Detailed project characteristics need to be included [as context factors]"
as well as by the need to further scale up from risk assessment to a holistic risk management as exemplarily reflected in this statement:
"Countermeasures should be included"
In summary, the need to increase the precision and reliability of the data by adding more data points as well as context factors, and the need to extend the approach with context-sensitive recommendations in form of guidelines is in tune with our hopes and expectations expressed in Sect. 3. This strengthens our confidence in the suitability to release our approach for a large-scale evaluation which is in scope of current activities.
Conclusion
In this paper, we elaborated on the need for an evidence-based risk management approach that considers the particularities of RE. We argued that for such an approach, we would need a proper empirical basis on practical problems, root causes and effects in industrial RE. To lay a first foundation for such a risk management approach, we presented a cyclic research design that makes use of empirical data gathered from the NaPiRE project yielding a first approach for an evidence-based RE risk assessment. We implemented this risk assessment approach and conducted a first validation by interviewing 6 respondents from different companies.
The results of the validation have shown potential for improvement, but it also strengthens our confidence in the maturity of our solution proposal and its suitability to be transferred into practice and applied in a large-scale evaluation. In particular, the feedback from the practitioners indicate an increase of awareness for individual risk factors in RE which so far could not be provided by existing traditional risk management approaches. They also strengthened our confidence in continuing the envisioned future work. This work includes running a field study which is currently in preparation and enriching our approach with a set of recommendations associated with context-sensitive risk factors as shown in previous work on guidelines to prevent RE problems [20, 25] .
